Electfowtak Physics

fromthe Tevatron

Ulrich Heintz
Fermilab

W and Z production and decay
— W boson width
— lepton universality

e trilinear gauge couplings

 \W boson mass

e top quark mass

e constraints on the Higgs sector
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W and Z production and decay

 Fermilab Tevatron
— pp collisions at 1.8 TeV
— luminosity up to 2- 10°lcnm?st
— delivered 125 pbin 1992-1996
— two experiments: DO and CDF

el

* tag by their leptonic decays
» dominant source of high-peptons
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W and Z production and decay
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m, = y2p; pi(L - cosAg)

Woev Zoee Wopv Z-pup

DO (Run la) PRL 75, 1456 (1995)
events 10338 775 1665 77

oB (nb) | 236015 0218+0.016  2.09+0.25  0.18+0.03
DO (Run Ib) preliminary

events 59579 5702 4472 173
OB (nb) | 238022 0.235+0.021 2324025  0.20+0.03
CDF (Run la) PRL 76, 3070 (1996)

events 13796 1312

0B (nb) | 249:0.12 023120012




W boson width

e Indirect measurement

(luminosity uncertainty cancels)
o WwB(W- [v)
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W boson width

Indirect measurements
® UA1 PL B253, 503 (1991)

e CDF PRL 69, 28 (1992)

. - UA2 PL B276, 365 (1992)
. CDF PRL 73, 220 (1994)

- D@ PRL 75, 1456 (1995)
-0 world average

e D@ preliminary

direct measurements
® CDF PRL 74, 341 (1995)

— CDF preliminary
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lepton universality
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lepton universality

» g,"/g_"=1.004+0.032

(5.5% luminosity uncertainty cancels)

UA1 ° 1.01£0.117
ZPhys C44, 15 (1989)

UA2 e 1.02+£0.057
PL B280, 137 (1992)

CDF el 0.97+0.07
PRL 68, 3398 (1992)

.. DO —o— 1.004+0.032
preliminary
World Average - 1.005+£0.025
T | T
0.8 0.9 1 1.1 1.2

0.9,
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trilinear gauge couplings

e ewk Interactions are non-abelean
W W

Y Z
g T

 CP conserving amplitudes

e unitarity— SM values for E» o
K,=Kz=1, A~=A;=0

o form factord ——

a n
(1+ ﬁ)

o study Wy, WW, WZ production
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trilinear gauge couplings

Lum E, events cross section (pb)
(bkg) data SM
DO |93pb* >10GeV 127 (43) 11.3+2.2 12.5+1.0
1A: PRL 75, 1034 (1995) 1B: PRL 78, 3634 (1997)
CDF |67 pb* >7GeV 109 (26) 20.7+3.0 18.6+2.9

1A: PRL 74, 1936 (1995) 1B: preliminary

DO -0.93<k-1<0.94 -0.31<A<0.29
CDF -1.8<k-1<2.0 -0.7<\A\<0.6



trilinear gauge couplings

95%

CL limits from recent experlments

CLo(994)*

I \\\ 7\2\A:;\J‘\77777777771777777777777\77777777777L7

 —— D@ Comblned =
—— |  Runl(e) -

<0 : e Q;::%:\ T~

ruled out
at 96% CL

CLEO: PRL 74, 2885 (1995)




trilinear gauge couplings

e radiation zero
— gq— Wy vanishes for ca®¥=1/3

CDF Preliminary Run la+1b (44 pb'l)
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trilinear gauge couplings

Lum events (bkg) cross section (pb)
DO 97 pb™ 5(3.3)
1A: PRL 75, 1023 (1995) 1B: preliminary
CDF 108 pb™* 5(1.2) 10.2+6.5-5.3
PRL 78, 4536 (1997)
SM 9.5

o _
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g —
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a NLO theory ]

iy - LO theory
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DO -0.62<k-1<0.77 -0.52<A<0.56



trilinear gauge couplings
o WWWZ - v jj, 1jj

— CDF(110 pb?)

— no events witlp; (j))>200 GeV,m(jj)# m,,m,

— 1A:PRL 75, 1017 (1995) , 1B: preliminary

— D0 (96 pb?)

— 483 (463)vj) events, SM predicts 21

— 1A: PRL 77, 3303 (1996) 1B: PRL 79, 1441 (1997)

-4- Data
— SM + Background
SM

75+

PR S R —

0 50 100 150 e\)200 250
p GeVic

 95% CL limits \=2 TeV):
DO  -0.43<k-1<0.59 -0.33<A<0.36
CDF -0.49<k-1<0.54 -0.35<\<0.32

o CombinedWMW/VWWZ limits:
DO  -0.33<k-1<0.45 -0.20<A<0.20
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trilinear gauge couplings
o ZZy andZyy couplings

L
y>W\~y
L

e Zy production
— eey, puy, vvy final states

oflnal state radlatlon

=
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trilinear gauge couplings

Lum events 95% CL limits N
(TeV)
DO (Ily) 14pb*  6(05) |hs%<1.9 |hf<0.50 0.5
E>10GeV | 89pbt 29(5.4) |hf<13 |nh%<0.26 0.5
1A: PRL 75, 1028 (1995) 1B: Fermi-Pub 97/363-E
DO (Vvy) 14pb*  4(5.8) |hs%<0.87 |h4<0.21 0.5
E>40GeV | 1A: PRL 78, 3640 (1997)
DO combined Ihs%|<0.36 |h,“|<0.05 0.75
CDF 67 pb* 31(1.4) |h’|<1.60 |h#<0.40 0.5

E>7 GeV

1A: PRL 74,1941 (1995) 1B: preliminary




W boson mass

* M, G, a determinem,, at tree level
» radiative corrections

LN
. DS

&gl ectroweak radiative corrections
& test the Standard Model
- constrain the Higgs mass
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W boson mass

e /€€

- Py
e measurg;,u ¢ reconstruct
e pV=-p/-u completely

* p,Y unknown = calibration
3 O
B &
pd B
o Z
©
55 60 65 70 75 80 85 90 95 30 35 40 45 50
m; (GeV) pr(e) (GeV)
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number of candidates

W boson mass

* Electron energy scale calibration (DO)
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W boson mass
 WW mass measurement by DO

80.48+0.14 GeV

Run 1B uncertainties
statistica 95 MeV
detector 60 MeV
backgrnd 10 MeV

number of events
= =
0 o N
o (@) o
o o o

600 -

400

200 -

zmpf(e) P theory 30 MeV

0 total 120 MeV
S 700
© 600
g 500f
£
2 400}

300 Run 1A+1B combined:

80.43+0.11 GeV

1004 (Fermi-Pub/97/422-E)
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W boson mass
* muon momentum callbratlon ( CDF)

' | I I
5000 —(q) | m:r‘;ifa w c:fs:f:a:a N
s000 !ﬁ\ line = sirnu{rad.+B)
3000 - Ap/p — 0.05%5 | -
|
; !
2000 |- ) .
1000 ;’/ \ —
oF
D.1.~~iw.|.\md*.l,:.
—o00  —150 —100 =50 0 50 100 150 200
AM,, (MeV)
E’E’SOO
o CDF(1B) Preliminary  x°/df = 158/139 (56 M, < 120)
Y a00 - x°/df = 62/69 (65 M < 100)
! ﬂ * : Mw = 80.430 +/- 0.100 (stat) GeV
300 - !
g |
+
200 -
f i
100 - / o
[ S Fit region S
0 R R T, ' e
50 60 70 80 90 100 110 120
Transverse Mass (GeV)
a \AN mace maoanciirarmaonnt hhww NE
TV 1T11IAOO 11ITAOUICTIIHICTIHIL Uy \ g g

1/27/98 Ulrich Heintz - Aspen Winter Conference 1998 20



W boson mass

CDF PRL 65, 2243 (1990)

° UA2 PL B276, 354 (1992)
e CDFPRL 75, 11 (1995)
° D@ PRL 77, 3309 (1996)
—@—  CDF preliminary
-~ @ LEP2 preliminary
-® D@ Fermi-Pub 97/423-E
O world average
)5 80 805 81 815 82

79.5

M,, (GeV)



W boson mass
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top quark mass

e |epton+jets channett - Ivb ggb
— 1 unknown jp,")
— 3 constraints

* m(lv) =m(qq) =m,
* m(lvb) =m(qgb)

— 2-constraint kinematic fit
— up to 24-fold ambiguity

= need to compare to MC shapes to
measure top mass
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Events/(10 GeVA)

top quark mass
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Events/(10 GeV/?c)

top quark mass
CDF

| Fermi-Pub/97-284-E 10}
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largest systematics
jet energy 4.4 GeV
gluon radiation 1.8 GeV
background 1.3 GeV




top quark mass
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top quark mass

 dilepton channeltt - Ivb Ivb
— 4 unknowns (onlgp;¥ iIs known)
— 3 constraints

* m(lv) =m(qq) =m,
* m(lvb) =m(qgb)

— underconstrained
= perform a dynamical likelihood

analysis (DO)
=>use kinematic variables (CDF)
o all jets channeltt - ggb qgb
— large background
— No unknowns

— 3-constrained kinematic fit
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top quark mass

>
8 2 (a)
q—
~
(7))
(b)
.: 1 —
E‘ 100 150 200 250
LL] M., (GeVIE)

0 | |

0 100 200 300

Jet Energies (GeV)

-
Q2 (b)

Q

O

o

o

< 1y -

S~~~

7))

Q@

| -

fd

LLI 0 10000 20000 30000 40000

M |2b (G e\/2/c4)



Events/15 (GeV/c?)

top quark mass

CDF preliminar

i < 5
45 2 , g
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constraints on the Higgs sector
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» world averagen, = 174.1+5.4 GeV
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* SM predictions fom,, | |

— Degrassetal, CERN-TH/97-197
— Degrassi, Gambino, Sirlin, PL B394, 188 (1997)
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summary and outlook

 Tevatron Run 00 BSUCCESS
— discovery of top quark
— measure top mass to 3%
— measure W mass to < 100 MeV

— demonstrate electroweak self -
couplings of gauge bosons

s
(|
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